Two Superconducting RF modules of the ELBE type have been ordered from Accel Instruments GmbH for use on the Energy Recovery Linac Prototype (ERLP) being built at Daresbury Laboratory. One structure is to be used as a booster module, with an energy gain of 8 MeV, and the other is to act as an energy recovery linac operating at electron beam energy of up to 35 MeV. High power couplers capable of handling up to 10 kW CW are required to provide successful operation of the ERLP.
RF WINDOWS
RF power is fed from the source to the test stand using WR650 waveguide. A circulator is used to protect the source from any reflected power due to mismatches in the system during the conditioning process (see figure 1 below). The reflected power is dissipated in a water cooled load that has to be able to withstand total reflection. A directional coupler is inserted in this section of waveguide enabling the measurement of forward and reflected power.
The first window is attached to the flange of an Hplane bend. After this window the bend must be maintained at vacuum conditions with a pressure less than 5 x 10 -7 mBar. The H -plane bend is ¼ guided wavelengths (λ g ) long at 1.3 GHz (see figure 2). A photo multiplier tube is used to detect the emission of light from any incidents of arcing (a form of voltage breakdown). A photo multiplier is inserted adjacent to the RF window to detect any breakdown and is used to ensure full conditioning of the component (see figure 3 ). An infrared sensor is employed to monitor the temperature of the window throughout the process. A straight section of waveguide 1 ¼ λ g in length is attached after the detector section; this has a shorting plate attached to the end flange. The shorting plate causes total reflection of the RF power back towards the second window resulting in the formation of a standing wave. The first window is set to an electric field minimum of the standing wave and the second window is set at a maximum. This high electric field conditions the second window. The forward and reflected power, photo multiplier tubes, temperature sensors and vacuum gauges are all monitored and form interlocks using a crate of electronic equipment which interfaces with a PC. The PC is used to run the software, which automatically conditions and tests the waveguide windows as well as the couplers. All interlocks are fail safe and are not solely reliant upon the PC [1] . 
RF COUPLERS
The RF power is supplied via WR650 waveguide. The power is transferred to the coupler by a waveguide to coaxial transition known as a door knob (see figure 4) . Under test conditions the door knob section is not under vacuum. Once in service the coupler assembly would be subject to vacuum and cryogenic conditions.
The door knob transition contains a photo multiplier tube to detect the emission of light from arcing events. This is most likely to occur in the door knob transition and the cold window sections due to the high electric field present in these areas (see figure 5) . A PT100 temperature sensor is connected to the inner conductor on the cold section for temperature measurements during testing. The temperature should be maintained below 70 o C through out the operation.
The coupler assembly is bolted to the flange on the test cavity. The antenna penetrates into the cavity section exciting the electric field. The cavity and the cold section are maintained at vacuum conditions in excess of 5 x 10 -4 mBars. 
Coupler Testing Procedure
have been successfully applied The dimensions of the test cavity should be such that it is resonant at the desired operating frequency of the couplers (1.3 GHz) to allow maximum transmission through the set-up. The power within the test waveguide is coupled out of the cavity by the insertion of coupler 2. A precision adjustable short is attached to the waveguide flange after coupler 2. This enables the phase of the standing wave to be adjusted ensuring that all areas of the couplers are exposed to the maximum electric field to provide the best environment for conditioning.
Coupler Limitations
At present the couplers have only been tested up to a maximum of 10 kW continuous wave. In order to be able to operate the ERLP at higher powers, a full understanding of the coupler limitations is required. Using Microwave Studio we have been able to recognise the areas for concern for this particular design. It has also been possible to address one of the problems with the test stand being used. This showed an offfrequency cavity being used, requiring the couplers to be switched to allow the second to be conditioned.
The couplers are tested in a back-to-back arrangement (see figure 6 ). This requires one coupler to act as a transmitter and the other coupler to act as a receiver.
Voltage Breakdown
From the simulations two regions were observed to be of concern for thermal breakdown due to the high field stresses. One area is around the conical shaped ceramic window (see figure 7) . This area of the ceramic however is cooled to liquid nitrogen (LN 2 ) temperatures. The thermal gradient across the ceramic can be tolerated. This is due to the material properties of the ceramic that leads to excellent thermal conduction at LN 2 temperatures. The other region for concern is located around the antenna tip (see figure 8) . The conduction of the heat dissipated in the antenna tip results in a significant temperature rise in the tip. This leads to radiative heating of the structures beam pipe. The temperature is maintained well below the level that would cause thermal damage. Thermal contact between the room temperature section and LN 2 cooled coax section is only through the finger stock contacts. At present the maximum that the couplers can be tested to is 10 kW CW. In order to be able to test the breakdown limit of the coupler design we are investing in equipment to build a resonant ring, which will allow higher fields to be achieved with the same input power. This structure also operates in the travelling wave mode which would allow a full sweep of the coupler to ensure optimum conditioning.
RESONANT RING
A resonant ring is a device consisting of a loop of transmission line (typically waveguide). This loop is stimulated with RF power by means of a directional coupler. If the path length of the ring is equal to an integer number of RF wavelengths, the power coupled into the ring will be in phase with the power already circulating in the ring, thus they add constructively.
This results in an accumulation of power within the ring until an equilibrium condition is reached where the power coupled back out of the ring is equal to that of the initial power source, this power is then dissipated in the matched load.
At this equilibrium condition, the RF power circulating within the ring can be significantly higher than the power of the initial RF source.
By using these high circulating powers, passive, non dissipative components such as RF windows and couplers can be tested, without the expense and inconvenience of using a full power test set up (see figure 9) .
Limitations
There are 3 factors which define the gain of a resonant ring, these are:
• Coupling factor of the directional coupler • The attenuation within the ring • The reflection coefficient of the ring The attenuation is a physical property of the ring relating to the construction and materials of the ring, the only parameter that can be easily controlled is the coupling factor and the reflection.
The gain of the ring is given by the following equation.
( ) Reflection can be effectively removed by impedance matching and altering coupler parameters, and so can be ignored. Therefore (1) can be simplified to: 
Where T = Transmission coefficient
The full derivation of equations (1) and (2) above can be found in references [2] and [3] . The Resonant ring proposed for Daresbury Laboratory will use a signal source of 1.3 GHz at up to 14kW CW. The couplers will be tested to a power of 50kW.
